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ABSTRACT 
Results are repor ted  of t h e  second 3 months study of a n  
18-month program f o r  t h e  development of  techniques f o r  bonding 
large area s i l i c o n  s i n g l e  c r y s t a l s  t o  hea t  s inks .  A method i s  
descr ibed  f o r  preparing f l a t  and paral le l  surfaces for l a r g e  
s i l i c o n  wafers t o  reduce mechanical stress and t o  provide a known 
h e a t  path. Aluminum-germanium e u t e c t i c  so lde r  has  been successfully 
u s e d t o b o n d  s i l i c o n  t a  t h i c k  aluminum f i l m s  depos i ted  on Rovar a l l o y  
bases. The method used i s  not  suitable f o r  production, however, and 
a technique must be developed t o  e l imina te  effects  a t t r i b u t e d  t o  t h e  
presence of s i l i c o n  d ioxide  and aluminum oxide. Instruments  avail- 
a b l e  f o r  measuring thermal and mechanical p r o p e r t i e s  of  s o l d e r  
a l l o y s  are b r i e f l y  descr ibed  and b a s i c  equat ions  are generated f o r  
thermal conduction a n a l y s i s  and stress a n a l y s i s .  
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1.0 INTRODUCTION * )  
This  r e p o r t  desc r ibes  work performed dur ing  t h e  second 
3-month per iod of  an  18-month program on t h e  development of tech- 
niques f o r  r e l i a b l y  bonding l a r g e  area s i l i c o n  s i n g l e  c r y s t a l s  t o  
suitable hea t  s inks .  The purpose i s  t o  enable  bonding of s i l i c o n  
s i n g l e  crystals  g r e a t e r  than  10,000 square mils and approaching 
2 inches i n  diameter t o  e x c e l l e n t  hea t  s i n k s  i n  a manner which does 
not  damage t h e  s i l i c o n  o r  a l t e r  t h e  e lectr ical  p r o p e r t i e s  of  s e m i -  
conductor devices  cons t ruc ted  the re in .  The system which should not  
degrade under repeated thermal shock i s  t o  be a p p l i e d  t o  t h e  pack- 
ag ing  of large scale i n t e g r a t e d  c i r cu i t  devices .  
Phase one of t h i s  program i s  a s tudy of t h e  b a s i c  
p r o p e r t i e s  of p o t e n t i a l  bonding materials and t h e  development of 
a n a l y t i c a l  techniques which w i l l  determine t h e  materials and 
processes  to be eva lua ted  on e a r l y  large area bonding experiments. 
Aluminum-germanium eutectic s o l d e r  has been used t o  bond 
s i l i c o n  t o  aluminum f i l m s  deposi ted over Kovar. Techniques must be 
generated to e l i m i n a t e  t h e  e f f e c t s  of (or  t h e  formation of) oxides 
on t h e  s i l i c o n  and aluminurn su r faces  which s e r i o u s l y  i n t e r f e r e  w i t h  
we t t ing  of t h e  so lde r .  
Samples of go ld - s i l i con  and gold-germanium eutectic 
s o l d e r s  have been ordered to enable  a de termina t ion  of  t h e i r  
mechanical and thermal p rope r t i e s .  
A method i s  descr ibed  for producing f l a t  and para l le l  
surfaces on l a r g e  area s i l i c o n  wafers t o  reduce mechanical s t re s s  
which may arise due t o  surface roughness and t o  provide a knawn 
hea t  path . 
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Instruments f o r  determining tE-e thermal and mechanical 
p r o p e r t i e s  of materials are b r i e f l y  descr ibed.  
The basic equat ions  for  a n a l y s i s  of thermal conduction 
and stresses due t o  thermal expansion mismatch are developed and 
are c u r r e n t l y  being programmed for  machine so lu t ion .  
2.0 TECHNICAL DISCUSS I O N  
2.1 ALUMINUM-GERMANIUM ALLOY SOLDER 
One p o t e n t i a l l y  promising s o l d e r  a l l o y  f o r  bonding large 
area s i l i c o n  wafers t o  stress r e l i e v i n g  members i s  t h e  nea r -eu tec t i c  
composition a l l o y  of aluminum and germanium. 
t h i s  system as g iven  by Hansen(') i s  shown i n  F igure  1. 
t h e  eutectic composition m e l t s  a t  424°C and con ta ins  30 atomic per-  
c e n t  (55 weight percent)  germanium. T h i s  temperature i s  quiee com- 
p a t i b l e  w i t h  s i l i c o n  devices  and promises t o  possess a fa i r  fiheriral 
conduct iv i ty .  
A phase diagram of 
A s  i nd ica t ed ,  
The s o l i d  s o l u b i l i t y  curve of germanium i n t o  s i l i c o n  shows 
2.8 atom (7.2 weight) percent  a t  424°C f a l l i n g  o f f  t o  0.2 atomic 
(0.5 weight) percent  a t  294OC. 
e x c e l l e n t  thermal and mechanical bond t o  aluminum at i t s  meling point  
due t o  t h i s  s o l u b i l i t y .  
This  a l l o y  should the re fo re  make an  
The l i terature also i n d i c a t e s  a s l i g h t  s o l u b i l i t y  of 
aluminum i n t o  molybdenumwhich would assist t h e  bonding of t h a t  
i n t e r f a c e .  
E f f o r t s  dur ing  t h i s  per iod w e r e  d i r e c t e d  toward a study of 
bonding s i l i c o n  d i c e  t o  4-micron-thick pads of aluminum vacuum 
depos i ted  onto Kovar a l l o y .  The s i l i c o n  wafers w e r e  prepared, as 
- <  
/ 
(l)Max Hansen, Cons t i t u t ion  of I- Binary- A l l o y s ,  Second Ed i t ion ,  
McGraw Hill ,-New York, 1958. 
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Figure 1. A1-Ge Phase D i a g r a m  
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descr ibed  i n  t h e  previous r e p o r t ,  by t h e  evaporat ion of 1.5-micron- 
t h i c k  layers of aluminum and germanium onto  t h e  back s i d e  of t h e  
s i l i c o n ,  
As shown i n  t h e  micrograph of F igure  2, d i f f i c u l t i e s  
Th i s  i s  w e r e  experienced a t  t i m e s  i n  ob ta in ing  a sound j o i n t .  
a t t r i b u t e d  t o  a l a y e r  o f  e i t h e r  aluminum oxide or s i l i c o n  d ioxide  
which i n t e r E e r e s  w i t h  t h e  s o l d e r  flow. 
A micrograph of a sound j o i n t  i s  presented i n  F igure  3 
which w a s  prepared by f irst  clamping t h e  members toge the r  and then  
mechanically moving t h e  d i e  over t h e  aluminized Kovar surface whi le  
hot  t o  move away t h e  i n t e r f e r i n g  oxide. Although t h e  bond appears  
good by microscopic in spec t ion ,  t h i s  technique w i l l  no t  be a n  
accep tab le  s o l u t i o n  f o r  production, 
As s t a t e d  previously,  one source of t h e  oxide which 
i n t e r f e r e s  w i t h  bonding could be s i l i c o n  d ioxide  which forms over 
t h e  f r e s h l y  etched s i l i c o n  p r i o r  t o  e n t e r i n g  t h e  vacuum system t o  
r ece ive  t h e  aluminum and ger;nanium l a y e r s ,  
angstrom u n i t s  of oxide can form a t  room temperature i n  t h e  r i n s i n g  
opera t ion  a f te r  e t c h  and a t  a b r i e f  room ambient s to rage ,  
con tac t  and bonding t o  s i l i c o n  may be obtained by reduct ion  of t h i s  
t h i n  l a y e r  of s i l i c o n  d ioxide  by t h e  r e a c t i v e  aluminum a t  e l eva ted  
Between 20 and 30 
Ohmic 
temperatures , 
Motorola has  r e c e n t l y  determined t h e  equat ion  r e l a t i n g  
t h e  rate of pene t r a t ion  of aluminum i n t o  s i l i c o n  dioxide as a 
func t ion  of temperature to be 
R = 6.0 x 10” exp -(2.448/kT) 
4 ,  
S i  
KOVAR 
BOND1 NG REGION 
Figure 2. Photomicrograph of S i l i c o n  Bonded 
t o  Kovar by A l - G e  Solder  (Poor Bond) 
5 6947-1-8 
KOVAR I S i  
SOLDER 
Figure 3 .  Photomicrograph of Sec t ion  Through S i l i c o n  
Bonded t o  Kovar by A1-Ge Solder (Good Bond) 
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where R i s  t h e  p e n e t r a t i o n  rate expressed i n  angstrorn u n i t s  per 
minute. 
t h e  rate reduces t o  LO angstroms p e r  minute, wh i l e  a t  460°C t he  
rate i s  only 1 angstrom per  minute. 
A t  545°C t h i s  rate i s  50 angstroms per  minute, a t  510°C 
It appears ,  then, i n  order  t o  react through 30 angstroms 
of s i l i c o n  d ioxide ,  t h e  i n i t i a l  evaporated aluminum l a y e r  should be 
baked w i t h i n  t h e  vacuum system a t  533°C f o r  l minute o r  a t  510°C 
f o r  3 minutes p r i o r  t o  being cooled t o  near  room temperature before  
r ece iv ing  t h e  germanium l aye r .  
The oxide l a y e r  on molybdenum, tungsten o r  Kovar should 
be  removable chemically.  
Mo, W, o r  Kovar done under dry n i t r o g e n  t o  prevent  fur ther  oxide 
growth and i n t e r f e r e n c e  a t  t h i s  i n t e r f a c e .  An aluminum l a y e r  on 
t h e  hea t  s ink ,  however, is  still .  a problem i n  t h a t  i t  i s  immediately 
coated wi th  oxide whenever exposed t o  a i r .  
W e  w i l l  explore  bonding d i r e c t l y  t o  t h e  
i 
An a lumirzum e l e c t r o p l a t i n g  technique involving a z inca t ing  
o r  t i n n i n g  process  w i l l  be explored t o  depos i t  a nonreadi ly  oxid iz -  
i n g  m e t a l  over chemically c leaned aluminum. 
t i n n i n g  process ,  aluminum surfaces are t r e a t e d  i n  a s o l u t i o n  of  
a lka l i  and z inc  o r  t i n  ions.  
on t h e  aluminum. 
t h e  s o l u t i o n ,  an  e l e c t r o l y t i c  replacement r e a c t i o n  takes place where- 
by t h e  z inc  o r  t i n  i o n  p l a t e s  onto t h e  aluminum metal forming a 
p r o t e c t i v e  t h i n  l a y e r  prevent ing t h e  f u r t h e r  formation d aluminum 
oxide. 
m e t a l  such as copper o r  n i c k e l  t o  which t h e  A l - G e  b raze  could be made 
i n  a p r o t e c t i v e  gas ambient. 
I n  t h e  z i n c a t i n g  o r  
The a lka l i  removes any oxide l a y e r  
Immediately a f te r  t h e  ba re  aluminum i s  exposed t o  
The z i n c  o r  t i n  may then be e l e c t r o p l a t e d  by a more r e f r a c t o r y  
7 
s '  2.2 GOLD-SILICON Ah9 GOLD-GERMANIUM SOLRHiS 
Both g o l d - s i l i c o n  and gold-germanium eutectic s o l d e r s  
are commonly used f o r  bonding semiconductor devices  t o  headers. 
The gold-germanium eutectic m e l t s  a t  356°C a t  a composition of 
27 atomic (12 weight) percent  G e  wh i l e  t h e  g o l d - s i l i c o n  eutectic 
m e l t s  a t  3 7 O O C  and has a composition 31 atomic (4 weight) percent  
s i l i c o n .  There i s  only a s l i g h t  s o l u b i l i t y  of G e  i n t o  S i ,  o ther -  
w i s e  both systems form a continuous eutectic type a l l o y .  
Very l i t t l e  information has been found i n  t h e  l i terature 
OR t h e  thermal c o n d u c t i v i t i e s  of  t hese  a l l o y s .  
t h a t  t h e  germanium-gold a l l o y  should be p re fe r r ed  over t h e  s i l i c o n -  
gold a l l o y  from t h e  viewpoint of  thermal conduct iv i ty  due t o  t h e  
smaller  volume of t h e  non-gold phase present .  
s o l u b i l i t y  of germanium i n t o  gold,  however, may o f f s e t  t h i s  
advantage, 
It i s  a n t i c i p a t e d  
The s l i g h t  s o l i d  
Accordingly, samples  cf these a l l o y s  have been ordered 
f r o m  t h e  Western Gold and Platinum Company f o r  t h e  determinat ion 
of t h e  thermal conduct iv i ty  and t h e  mechanical p r o p e r t i e s  of t hese  
materials. 
eva lua ted  i n  s o l d e r  forms. 
These a l l o y s  i n  t h e i r  shee t  form w i l l  be acqui red  t o  be 
2.3  BONDIHG SURFACE PREPARATION 
I r r e g u l a r i t i e s  i n  f l a t n e s s  of  surfaces t o  be bonded w i l l  
in t roduce  mechanical stress i n  t h e  p a r t s  after they are bonded. 
reduce these  t o  a minimum and t o  c o n t r o l  t h e  wafer th ickness  and t h e  
p a r a l l e l i s m  of t h e  l a r g e  surfaces of s i l i c o n  wafers, e f f o r t  has  been 
devoted t o  improve wafer po l i sh ing  and lapping techniques.  
To 
8 
The method f o r  achiev ing  f la t  and p a r a l l e l  surfaces and ' 
f o r  c o n t r o l l i n g  w a f e r  t h i ckness  i s  as follows: The s i l i c o n  i s  
f i rs t  sawed t o  a th ickness  of 1 7  5 0.5 m i l s  and then e tched  t o  a 
th ickness  of 15 2 0.5 m i l s  t o  remove saw damage. 
The s i l i c o n  slices are then  cleaned and mounted on c l e a n  
The wafers are 
lapping carriers which have been stress r e l i e v e d  p r i o r  t o  being 
ground f lat  t o  3 0,0005 inch  on a surface g r inde r .  
mounted by f i r s t  hea t ing  t h e  carriers and then  spreading a t h i n  
l a y e r  of  wax over t h e  f l a t  sur face .  
t h e  molten wax and k e p t  under pressure whi l e  t h e  carrier coo l s  and 
t h e  wax sets. 
The wafers are pressed i n t o  
The wafers are then  lapped a few minutes u n t i l  they a l l  
have a f l a t t e n e d  sur face  a f te r  which they are removed, cleazled and 
aga in  a t t ached  t o  the  Lap w i t h  t h e  previously f l a t t e n e d  surfaces 
ad jacen t  t o  t h e  lapping t o o l .  Diamond s tops  set  i n t o  t h e  carriers 
s t o p  the  lapping  a t  a wafer th ickness  of 12.5 0.05 m i l s .  
It i s  necessary t o  have c a r e f u l l y  c a l i b r a t e d  gauges and 
a n  o p t i c a l  f l a t  t o  serve as a n  a b s o l u t e  r e fe rence .  
machine carriers and t h e  lapping su r face  must be maintained f l a t .  
The carriers are surfaced by a Blanchard g r i n d e r  w h i l e  t h e  Lapping 
surface 'is maintained f la t  by l a r g e  m e t a l  r i n g s  which con t inua l ly  
c i r c u l a t e  over t h e  surface , 
The Lapping 
This  technique has been used f o r  preparing s i l i c o n  wafers 
but i s  a l s o  a p p l i c a b l e  f o r  preparing tungs ten  o r  molybdenum stress 
r e l i e v i n g  members . 
2,4 THERMOGONDUCT IVITY DETERMINATION 
The Colora Messtecknik G.m,b.H of Germany thermal 
conductometer2 which w a s  discussed i n  t h e  previous r e p o r t  has 
I 
9 
a r r i v e d  and c u r r e n t l y  i s  i n  the  process  of being i n s t a l l e d ,  
view of t h i s  instrument is  presented i n  Figure 4 ,  It is  capable  
of determining t o  w i t h i n  2 3  percent  t h e  thermal conduct iv i ty  of 
solder a l l o y s  and o t h e r  p o t e n t i a l l y  important package materials. 
It should a l s o  provide a measurement of t h e  thermal conduc t iv i ty  
of va r ious  i n t e r f a c e s  bonded by so lde r s .  
A 
2.5 MECHANICAL PROPERTIES OF SOLDERS 
An I n s t r o n  Model TT Universa l  Tes t ing  Instrument,  shown 
i n  Figure 5, w i l l  be used t o  measure t h e  mechanical p r o p e r t i e s  of 
candidate  s o l d e r  a l l o y s .  
sheer  modulus of t h e s e  a l l o y s  can be determined over a temperature 
range of -100' t o  +6OO'F through t h e  use of an environmental  
chamber which surrounds t h e  sample, A Custom S c i e n t i f i c  Instrument 
d i l a tome te r  i s  a l s o  a v a i l a b l e  f o r  determining the  thermal expansion 
c o e f f i c i e n t  of so lde r  alloys. With t h i s  information combined w i t h  
t h e  r e s u l t s  s f  the  a n a l y s i s  ctf stresses b u i l t  up between two members 
due t o  d i f f e r e n c e s  i n  expansion c o e f f i c i e n t s  i t  w i l l  be  poss ib l e  t o  
determine whether o r  no t  t h e  elastic l i m i t  of  t he  s o l d e r  w i l l  be 
The Young's Modulus, elastic l i m i t  and 
,) 
exceeded f o r  a given s o l d e r  th ickness  and sample diameter ,  
2.6 'HEAT CONDUCTION ANALYSIS 
For many purposes on t h i s  s tudy,  a l i n e a r  approach can be 
made t o  the  a n a l y s i s  of thermal  flow down a c y l i n d r i c a l  structure 
from i t s  poin t  of genera t ion  t o  a s ink .  I n  t h e  p r a c t i c a l  case,  
however, where t h e  sources  of hea t  ( d i s s i p a t i n g  j u n c t i o n s  and 
r e s i s t o r s )  are not uniformly d i spe r sed  over t h e  s i l i c o r l , i t  becomes 
most important t o  calculate t h e  effect  t h i s  has  on t h e  j u n c t i o n  
temperature. 
I n  t h e  F i r s t  Quar te r ly  Progress  Report ,  an a n a l y s i s  of 
thermal conduction f o r  programming on' a GE415 t i m e  s h a r i n g  computer 
LO 
Figure 4. Colora Thermal Conductorneter 
11 6949-1-8 
Figure 5. V i e w  of Model TT Ins t ron  Tester 
12 
6950-1-8 
w a s  b r i e f l y  presented.  
dimensionless form w a s  assumed t o  be t h e  Four i e r  hea t  conduction 
equat ion.  I n  t h i s  s e c t i o n ,  t h e  Four ie r  equat ion  i s  developed t o  
e s t a b l i s h  a n  improved phys ica l  understanding of it. It is  based 
upon t h e  divergence of  energy o r  a n  energy balance equat ion  
(equat ion of  con t inu i ty )  
The gene ra l  equa t ion  t o  be so lved  i n  
Energy acc.tlrrmlated = Energy generated + Energy flowing i n  
- Energy flowing out .  
Assuming a x i a l  symmetry t h e  elemental  volume i s  shown i n  
Figure 6 .  By inspec t ion  of Figure 7 where Q = Energy o r  H e a t  Flux 
i n  BTU/ft  sec it  is  seen t h a t  2 
Energy i n  
Energy out  = (Qr 4- aQr d r )  (r f dr )  de dz 
= Qr (r de dz) 4- Qz (r d9 d r )  
f (Qz += dz)  r d9 d r  
The energy accumulated i n  t h e  incremental  volume dV can  
be expressed as: 
Energy accumulated = - dV a t  
where E i s  energy expressed as BTU and t i s  t i m e  i n  seconds. Also,  
t h e  energy generated can be expressed as 
Energy Generated = W dV 
3 where W i s  expressed as B T U / f t  . 
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, 
d z  d r  O r  e - a Qr 
dr 
S u b s t i t u t i n g  t h e  above equ iva len t s  i n t o  t h e  energy -lalance 
equation, t h e  fol lowing equat ion  results: 
i 
- (Q, *= aQz dz) r de d r  
9 Q, r de dz + Q, r d6. d r  
or - d v  a E  = w  dv - Q d r  de dz - ar Qr (r + dr) d r  de dz a t  r 
0 -  aQz r d r  de dz az 
But dV = r d r  de dz 
Dividing by dV and assuming t h a t  r + d r  ar  . 
i 
results i n  t h e  following: 
The hea t  f l u x  terms are def ined  as 
The t o t a l  energy of t he  system referenced  t o  some temperature 
T = O i s  
E = p  C p T  
715 
where p i s  dens i ty  i n  l b s / f t  3 * i  
C is  hea t  capac i ty  An BTU/l 
T = temperature i n  OFo 
P 
lo F 
Assuming cons t an t  p,  C and k, t h e  energy balance becomes 
P 
Dividing each s i d e  of t h i s  equat ion  by p C 
P 
The above equat ion  can be  handled easier by w r i t i n g  i t  i n  a 
semidimensionless form w i t h  t h e  s u b s t i t u t e s  
2 
t '  = k t / C p  pR 
r' = r / R  
z '  = z/R 
T = T  (dimension i s  degrees) 
W '  = R%/k (dimension i s  degrees) 
(2)This i s  the  s a m e  equat ion  as presented by Benet and Myers,  
Momentum, H e a t ,  and Mass Transfer ,  pp 242-252, McGraw H i l l ,  
1962, New York wi th  t h e  a d d i t i o n  of t h e  genera t ion  term and 
less t h e  angular  t e r m  which i s  considered here  t o  be zero.  
I )  
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Where R i s  t h e  r a d i u s  of the  c y l i n d e r  i n  feet, Since nothing w a s  
t o  be gained by p lac ing  temperature i n  a dimensionless form, t h i s  
was l e f t  i n  degrees.  The fol lowing equat ion  results: 
3T 1 a T  a2T a 2 ~  
= 'r7 +-y +'Y +w' Zr' a d  
Dropping t h e  primes, t h e  equat ion  i s  presented as 
r )  Q 
- = - -  a T  I a T  aLT + a L T  + w  
a t  r ar '-2 7az 
2.7 STRESS ANALYSIS 
It i s  d e s i r a b l e  t o  calculate t h e  stress which i s  
generated between jo ined  members due t o  t h e  d i s p a r i t y  between 
t h e i r  thermal expansion c o e f f i c i e n t s .  From t h i s  knowledge, t h e  
i requi red  mechanical p r o p e r t i e s  of s o l d e r s  and the  d e s i r e d  solder 
th ickness  can be determined which w i l l  resul t  i n  a mechanically 
sound system s i n c e  t h i s  i s  e s s e n t i a l l y  t h e  s o l e  seurce of 
mechanical stress a p p l i e d  t o  t h e  bond. 
I n s t r o n  T e s t e r  i s  descr ibed  which i s  t o  be used €or eva lua t ing  t h e  
Young's modulus, sheer modulus and the elast ic  l i m i t  of m e t a l  and 
p o t e n t i a l  s o l d e r  a l l o y s .  I n  t h i s  s e c t i o n  t h e  b a s i c  equat ions  €or  
stress a n a l y s i s  are der ived.  
€or s o l u t i o n  on a GE415 t i m e  sha r ing  computer. 
In  a previous s e c t i o n  an 
These c u r r e n t l y  are being prepared 
The b a s i c  equat ions  i n  stress a n a l y s i s  are t h e  
equi l ibr ium equat ions  t h a t  are der ived  from a- fo rce  balance.  The 
f o r c e  balance presented he re  i s  i n  r ec t angu la r  coord ina tes  w i t h  no 
body fo rces .  
sheer  and t e n s i l e  f o r c e s  shown, 
Figure 8 shows a diagram of  a u n i t  c e l l  w i t h  the 
17 
‘i 
uy + - duy d y  
dY 
dux 
7 
d X  
__ ____ __ - __ - . ._ - - _. _ _  - - - - - _ _  ____ - __  - - 
Note: The fo rces  on t h e  faces not shown are i d e n t i c a l  
to those  given minus t h e  par t ia l  term. 
- .  - -  
- . - - - - _ _  ___- __ . . . - 
Figure 8, Force Balance Notat ion 
. .- . - 
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d x  
- . _  _ _  . .-. 
j 6952-1-8 
- .. -. , 
4 To main ta in  equi l ibr ium,  t h e  s u m  of the f o r c e s  i n  each 
coord ina te  d i r e c t i o n  must be zero ,  
d i r e c t i o n :  
Suming  t h e  f o r c e s  i n  t h e  x 
a7 
dx dy dz + 2 dx dy dz 
a Y  
dx dy dz 4-  as, ax az = -  
d iv id ing  by t h e  
- 
CFX 
volume element dx dy dz 
Summing t h e  f o r c e s  i n  t h e  o t h e r  t w o  d i r e c t i o n s  i n  a 
s i m i  lar  manne r 
The above t h r e e  equat ions  must be s a t i s f i e d  f o r  a f o r c e  
equ i l ib r ium t o  be maintained, 
Equations r e l a t i n g  s t r a i n s  t o  stresses when a 
temperature s t e p ,  T,  i s  a p p l i e d  are given by Bores i  (3) as:  
(3)Boresi, E l a s t i c i t y  _. i n  Engineer ing Mechanics, P r e n t i c e  H a l l ,  Inc  , , 
New Je r sey ,  1965, page 225. 
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1 
x E x  61 = - - v(oy + o Z ) l  + kT 
- v(oX 4-0 )I + kT - f Y gZ: - E  co, 
Where cx, c y ,  c z  are normal s t r a i n s  i n  x ,  y ,  z d i r e c t i o n s  
o oZ are normal stresses i n  x,  y ,  z d i r e c t i o n s  ox, y, 
E i s  Young's modulus 
v i s  Poisson 's  r a t i o  
k i s  t h e  c o e f f i c i e n t  of  thermal expansion. 
The problem must f i rs t  be solved i n  terms of displacement 
ra ther  than by s t r a i n s  or stresses. The f irst  order  equat ions  f o r  
d i sp lacement -s t ra in  r e l a t i o n s h i p  are (4) 
(4'Ibid Po 3 p .  87. 
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where u, v and 
respectively 
w are linear displacements in x, y ,  and z directions 
It is now possible to write.the stresses and the - 
equilibrium equations in terms of displacements. 
- E a U  av aw EkT -- I: (1-v) ax + v (- 4- -)] OX (1-2v) (lsv) ay az 
73V au aw m~ I: (1-v) - + v (K + g-)I - 
EkT . E  
(1-2v) (I*) 3Y 
c J =  Y 
aw au av - EkT I: (1-v) + v(- + -)] - E - cTz (1-2v) (l*) ax ay (1-2v) 
xy - *2-(TTq (ax + - E <av au 7 
E 
The equilibrium equations become 
2 1  
The analogous stress equat ions  i n  c y l i n d r i c a l  coord ina tes  
are g iven  below where a x i a l  symmetry has  been assumed. 
a11 dev ia t ions  i n  t h e  t h e t a  d i r e c t i o n  are ze ro  and v is  zero.  
That i s ,  
- E - (I*) (I-2v) 
E 
O Z  = (1*)(1-2v) 
The q u a n t i t i e s  u 
3I.t EkT c (1-v) + v(; + C)] - az (I-2v) 
EkT c (1-v): + v (a a r  + *)Iaz - 'm 
+ 
and w i n  t h i s  case are displacements 
i n  t h e  r and z d i r e c t i o n s  respectively wh i l e  0 ,  r and z are t h e  
c y l i n d r i c a l  coord ina tes .  
The equ i l ib r ium equat ions  i n  c y l i n d r i c a l  
n CI 
coord ina tes  are: 
2 
2- 
az 
a u - 0  
These, then  are the  equat ions  which mst be solved and 
are c u r r e n t l y  being programmed f o r  machine s o l u t i o n .  
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3.0 CONCLUSIONS 
The aluminum-germanium s o l d e r  a l l o y  appears  capable  of 
providing a n  e x c e l l e n t  bond between s i l i c o n  and aluminum. However, 
t o  make t h i s  s y s t e m  u s e f u l ,  techniques must be  developed t o  prevent 
i n t e r f e r e n c e  by aluminum oxide and s i l i c o n  oxide. Methods are d i s -  
cussed f o r  accomplishing t h i s  and w i l l  be eva lua ted  dur ing  t h e  next  
r e p o r t  period. 
Gold-s i l icon  and gold-germanium eutectic a l l o y s  have been 
ordered f o r  a de te rmina t ion  of t h e i r  thermal c o n d u c t i v i t i e s  and 
mechanica.1 p rope r t i e s .  
A method has  been developed f o r  f l a t t e n i n g  and holding t o  
This  i s  necessary t o  provide uniform h e a t  paths  
close t o l e rance  t h e  degree of p a r a l l e l i s m  of t h e  l a r g e  f l a t  surfaces 
of s i l i c o n  wafers. 
through t h e  s i l i c o n  and w i l l  reduce mechanical stress which may ar ise  
i due t o  surface roughness. 
A t h e r m 1  conductometer which h a s  been on order  f o r  some 
t i m e  has f i n a l l y  a r r i v e d  and awaits connection t o  plumbing i n  t h e  
labcra tory .  T h i s ,  coupled w i t h  a n  I n s t r o n  t e s t i n g  instrument  and a 
d i l a tome te r ,  w i l l  provide t h e  b a s i c  information requi red  t o  s e l e c t  
materials and geomstr ies  b e s t  s u i t e d  f o r  bonding Large area s i l i c o n  
crystals  t o  h e a t  s inks .  
The b a s i c  equat ions  f o r  determining t h e  thermal  conduct iv i ty  
and t h e r e f o r e  temperature r ises i n  layered  elements w i t h  d i s c r e t e  
power d i s s i p a t i n g  regions are developed t o  provide an  improved under- 
s tanding  of t h e  assumptions made and t h e  t e r m s  involved. 
The b a s i c  equat ions  f o r  stress a n a l y s i s  are a l s o  developed. 
These are c u r r e n t l y  being programmed f o r  machine s o l u t i o n .  
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4.0 NEW TECHNOLOGY 
No reportable items of new technology have been developed 
under this contract. 
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